The SHIELD (Safety & Health Improvement: Enhancing Law Enforcement Departments) Study is a worksite wellness team-based intervention among police and sheriff departments assessing the program's effectiveness to reduce occupational risks and unhealthy lifestyle behaviors. The SHIELD program focused on improving diet, physical activity, body weight and sleep and reducing the effects of unhealthy stress and behaviors such as tobacco and substance abuse. The SHIELD team-based health promotion program was found to be feasible and effective at 6 months in improving diet, sleep, stress, and overall quality of life of law enforcement department personnel. Both intervention and control groups were followed for 24 months, and we report those durability findings, along with qualitative group interview results that provide insight into the changes of the long term outcomes. Long term effects were observed for consumption of fruits and vegetables and there was some evidence for effects on tobacco and alcohol use. Assessment of dietary habits, physical activity behaviors, weight loss maintenance, and substance use is rare more than one year following an intervention, and in general, initial positive changes do not persist in prior research. The SHIELD program was feasible, effective, and durable for improving dietary changes.
Introduction
The National Institute of Occupational Safety and Health and the Affordable Care Act recognize that occupational wellness programs may be solutions to rising employee healthcare costs, while reducing absenteeism and improving productivity. (1, 2) Worksite wellness programs have the potential to reduce employee medical costs, however, a recent
Measures
Study participants completed testing including written surveys at four points over the two year period: baseline, 6, 12 and 24 months. The validated survey was based on our previous studies (27, 28) and contained questions about demographics, gender, job type and shift schedule, number of years in law enforcement, diet, physical activity, sleep, fatigue, pain, stress, tobacco, alcohol and depression. More information on the scales can be obtained at the website, https://psychology.clas.asu.edu/research/labs/research-prevention-laboratorymackinnon, and more detailed description of the study sites are included in the prior publication. (27) As shown in Table 1 , the intervention and control group did not have statistically significant differences on baseline variables with the exception of healthy eating. Intervention subjects rated themselves as healthier eaters than participants in the control group (p = 0.04).
Physical testing was conducted at baseline, 12 and 24 months. Physical measures included body weight and height, anthropometric measures, blood pressure, fasting lipid and lipoprotein and glucose levels (Cholestech PA Analyser from finger stick).
Qualitative data gathering
Group interviews were a convenience sample of intervention participants; each team was interviewed individually approximately 24-months after the intervention. Eleven 60-minute team interviews were held with a total of 38 law enforcement employees. Interviewers used a semi-structured guide, which outlined a series of open-ended questions in the domains of what they remembered most about the team session, along with potential promoters and hindrances to long-lasting health behaviour change relating to diet, exercise and sleep habits. Probative follow-up questions were included to expand on responses. The roadmap strategy allowed comparison of responses across groups. Because of the group setting, individual actions concerning alcohol use were not explored. These qualitative interviews were audiotaped, transcribed by a research assistant and then assembled for analysis.
Intervention Group
Participants randomized to the intervention participated in twelve, 30-minute, team-based, scripted, peer-led sessions during the first six study months. No additional intervention team meetings were held after that time. A detailed description of the intervention is published in the SHIELD 6 month study results publication. (27) The SHIELD program team meetings were scheduled once per week by the team leader and held during work hours. The team format fosters social support and accountability as one officer stated, "to help each other stay away from the donuts and take the stairs rather than the elevator". Each member of the team would discuss weekly goals and there was a scripted set of questions to answer out loud regarding successful strategies identified by subjects to reach the weekly goal (e.g., achieving 10,000 steps per day on their pedometer, eating 5 servings of fruits and vegetables daily for the week, sleeping at least 7 hours each 24 hours for the week). There were a total of six hours of curriculum regarding these lifestyle goals in the SHIELD program and no other changes were made to the environment. It was up to the teams and participants to make the positive changes and achieve these lifestyle goals, or to change their unhealthy habits.
Control Group
Subjects that were randomized to the control condition still took the same battery of tests and surveys at the four intervals, baseline, 6, 12, and 24 months. At the baseline testing, participants in the control group received their test results and a physician discussed their confidential individual test results identifying abnormal values and discussing appropriate medical standards of care and follow up. There were a total of 24 individuals during the initial EKG exercise stress test that had a positive test and needed appropriate follow up with cardiology for treatment. They were not included in the study after that unless cleared by the cardiologist. There were no other health promotion programs or educational materials provided to control participants after the results discussion, however, the control group participants were expected to follow up on the recommendations of the physician.
Statistical Analysis
The statistical analyses reflect the nesting of individual persons within the 86 teams. The SAS Mixed program was used to estimate this multilevel regression model. Missing data at 6, 12, and 24 months were treated as missing at random including baseline data in the analyses. In this model for repeated measures, significant group by time interactions represented program effects, consistent with differential change over time in the program versus control conditions. The group by time interaction incorporated change between groups across all four time points. A primary contrast in this analysis was a test of whether the change between baseline and the average of the follow-ups differed between treatment and control groups. No adjustment for multiple comparisons were made. Additional contrasts compared group differences in change from baseline to each follow-up time.
Qualitative analysis
Thematic content analysis involved reiterative readings of interview transcripts to identify and code patterns and influences on the impact of the wellness program based on participants' actual experiences. (29) The qualitative methodology as described by Mabry et al includes construction of themes and interpretations which avoids the substantive bias inherent in a priori categorization, and instead adapts the more inductive constantcomparative method typical of grounded theory. (30) As the data was reviewed several times by different research assistants to search for interpretations, emergent themes evolved. Preliminary findings were constructed to evaluate rival explanations, and organized thematically with participants actual phrasing. The "vicarious experiences" provided by the interview excerpts are intended to enhance understanding and the development of "tacit knowledge," more influential than "propositional knowledge" for generalization to other occupational settings. (31, 32) 
Results

Adherence to Format and Acceptability
There was good participation and adherence to the curriculum content and format with 97% of the scripted content delivered as written. Team members attended 87% of the "required sessions". Table 1 lists participant characteristics at baseline and at the end of the study.
Participants
Program Effects
Program effects were analysed in a series of multilevel models, including individuals nested within teams. Table 2 lists the estimates of program effects, adjusted means, effect sizes, and p-values for the test of baseline versus the average of the follow up outcome variables at 6, 12, and 24 months. The "All Follow-ups" column under effect size shows whether significant program effects were observed in the comparison of baseline to the average of the three follow-up measures thereby providing an overall test of the program effects across time points. The effect size was computed by taking the difference between baseline and the average of the follow-ups and then taking the difference of this difference between the intervention and control groups and standardizing using the pooled individual level standard deviation at baseline. (33) Statistically significant beneficial program effects were present for daily servings of fruit and vegetable intake, healthier eating, sleep quality and quantity (marginal), general health (marginal), stress, tobacco and heavy alcohol use (marginal). Table 2 also shows the adjusted means and program effects for 6, 12, and 24 months for the primary endpoints and distal physiological measures. The measure of effect was computed for each baseline versus follow-up comparison.
Fruit and vegetable consumption were significantly improved for the intervention group at all follow-up time points (Figure 2 ). The effect size for fruit and or vegetable consumption ranges from 0.09 to 0.49, with fruit consumption consistently showing greater effect sizes. The construct measuring healthy eating also showed statistically significant program effects at each follow up point, with effect sizes ranging from 0.16 to 0.20. Statistically significant program effects for sleep, stress and general health variables were observed at 6 month follow-up but not at the 12 and 24 month follow-ups. Similar patterns of change were observed for sleep quality, sleep quantity and amount of sleep, though not as pronounced as for fruit and vegetable intake (see a plot for the sleep variable found at the website https://psychology.clas.asu.edu/research/labs/research-prevention-laboratorymackinnon).
Statistically significant program effects were observed for tobacco use at 6 months and 24 months and significant reduction of alcohol use at 12 months and a marginally significant reduction of alcohol use at 24 month follow up among the intervention group with effect sizes ranging from 0.09 to 0.16 for all effects on tobacco and alcohol.
Qualitative Findings
Fourteen males and 24 females participated in the group interviews, (mean age 44 years). Three major themes were observed and a matrix of evolving and refined themes and representative quotes were documented. The list of quotes can be found at the website, https://psychology.clas.asu.edu/research/labs/research-prevention-laboratory-mackinnon. In general, law enforcement personnel learned about the benefits of healthy nutrition, physical activity, adequate sleep quality and quantity, stress management, and reducing tobacco and heavy alcohol use. Although much could be recalled from the session and individuals made changes, the motivation for change appeared to remain external. Other than visible changes in eating habits, few personal or cultural changes assisted maintaining healthy action, and competing priorities and altered circumstances further constrained durability.
Discussion
Policing is a 24 hour occupation requiring shift work and multiple overtime schedules to keep our communities safe contributing to the high adverse health consequences observed among these workers. The SHIELD program was found to be feasible and in the short-term, effective in promoting the health of law enforcement officers and support personnel. Long term effects persisted and were observed for consumption of fruits and vegetables, healthier eating, and tobacco and heavy alcohol use reduction. The team program was well received with a high attendance and adherence to the scripted curriculum. After the 12 week intervention, significant positive changes occurred related to diet, sleep, stress, and tobacco and alcohol reduction use. (27) However, only increased fruit and vegetable consumption, healthy eating, and tobacco and heavy alcohol use reduction persisted 24 months after the intervention.
Fruits and Vegetables-Evidence suggests diets that a daily intake of 5 servings of fruits and vegetables per day are associated with a lower risk of disease including certain types of cancer, diabetes, and cardiovascular disease (CVD). (34, 35) A recent systematic review of worksite dietary interventions found increases in fruit and vegetable intake comparable to our findings (36) although comparisons are limited due to the variability in instruments and how change was reported. Similar to published results from our other team-based wellness programs (13-16) significant changes in diet were observed and durable at 24 months after intervention including increased daily servings of fruit and vegetables, and making healthier food choices. This may have substantial benefit to law enforcement personnel whose poor dietary habits increase risk of developing CVD, diabetes, high blood pressure, obesity, and metabolic syndrome. (23, 25, (26) (27) The SHIELD occupational wellness program focuses on both nutrition education and behaviour change strategies on how to make better dietary decisions and choices. The curriculum targets specific dietary lifestyle habits with daily and weekly goals that encourage law enforcement officers and support staff on healthy nutrition alternatives both at work, when on patrol, or on break, when eating out, and at home. These activities included how to replace unhealthy fast food with healthy alternatives, how to shop and cook healthy on a budget, how to reduce calories in snacks, and addressed the industry of dietary supplements teaching them what is helpful or harmful. Interestingly, the percentage of current smokers in the Buffalo Cardio-Metabolic Occupational Police Stress (BCOPS) study was twice as high for women at 26% than for men at 13% (18) . The BCOPS study, however, involves a group of subjects that have been extensively sampled and understand that results may be biased from this over-studied population. In our current study, the SHIELD team curriculum focused on tobacco use cessation and results did show a statistically significant reduction for tobacco use at 6 months and 24 months post intervention. Likewise, heavy alcohol use among law enforcement personnel is a problem and has been linked to occupational stress and posttraumatic stress disorder (PTSD), certain cancers, and suicide. Violante and colleagues observed a ten-fold increased risk for suicide ideation among Buffalo police officers with PTSD and increased alcohol use. (22) Additionally, police officers have a high incidence of sleep disorders and alcohol is known to disrupt circadian rhythm and increase sleep disruption. (23) Our intervention focused on the harm of heavy alcohol use and alternatives to use and had an observed reduction of alcohol use at 12 months and a marginally significant reduction of alcohol use at 24 month follow up demonstrating the intervention was both feasible and able to affect a major risk factor for the epidemic of suicide and PTSD observed among law enforcement officers.
Mood, Stress, and Sleep-Law enforcement officers have a high prevalence of sleep and stress related disorders associated with adverse health outcomes including premature disability, high substance abuse, suicide, and high healthcare costs. (21) (22) (23) 25) An effective worksite wellness program needs to focus on the negative impact of sleep deprivation and mental and emotional stress and effective strategies to mitigate these occupational hazards of law enforcement work. Sleep disorders compounded with the mental and physical stress associated with law enforcement work can lead to fatigue, depression, and suicide ideation. (22, 25, 37, 38) . Depression alone is a major contributor of employee absenteeism and reduced productivity. A program that can reduce stress and depression will have a significant impact high employer healthcare costs.(39) Additionally, the negative impact of shift work among police officers, especially night shift work is associated with obesity, metabolic syndrome and diabetes (22, 25, (40) (41) (42) (43) and increases employee benefit healthcare costs substantially. (44) (45) (46) There are few occupational wellness programs that have shown effectiveness to improve sleep (47, 48) , and the SHIELD program did improve sleep quality and quantity as well as reduce personal stress at 6 months. (27) These positive changes in sleep and stress in the short term, however, did not persist at 24 months. It may be that the sleep and stress improvements observed from the SHIELD wellness program in the short term are not as easily reinforced as the other behaviors like diet (since peer workers see what each other eat but not likely to know about sleep habits). A booster session on sleep and stress may be needed to continue the positive impact of the program.
Teams and social support-A major factor in the SHIELD program's significant impact on behaviour change both in the short term and the longer term is the team-based aspect and social support of the program. It has been reported that social support from coworkers has positive influences on well-being and absenteeism. (49) Positive peer influence, which is the observance of seeing another person making positive changes, can impact others to pursue the same goal. This is the positive impact of a team when individuals on the team strive for a bigger goal, and help each other achieve the goal. In our previous PHLAME study, positive changes persisted for years after the intervention and appeared to diffuse, postulating a point where culture change occurred and became the norm. (15, 28, 30) There were beneficial individual changes that occurred, but when performed and incorporated in a team setting, it coalesced into group effects. We observed the same durability effect for long term healthy dietary change and tobacco and heavy alcohol use among our law enforcement personnel who participated in the 30 minute, once per week for 12 week SHIELD program.
Single Focus versus Multiple Intervention Targets-Another factor that may contribute to the longer term durability observed in this study is that our program targets multiple behaviors instead of just one behavior. The SHIELD program has seven main behavioral goals associated with the curriculum including daily healthy exercise and nutrition, achieving optimal body weight, reducing stress, improved sleep, reduced heavy alcohol use, and tobacco cessation. Interventions that focus on multiple behaviors may have a synergistic effect to make a bigger impact than if the intervention targets just one behavior. (50, 51) The Synergy Hypothesis posits that goals are organized in associative cognitive networks (52) where an overarching goal, such as improved health, has sub goals, e.g., more physical activity and eating more fruits and vegetables, so that pursuing a sub goal can spread activation and reinforce the overriding goal. Additionally, focusing on multiple behaviors sequentially at various time points is associated with less cognitive effort, and the SHIELD program behavioral goals were delivered in sequence. Because behavior change is an effortful process, the sequential approach that was used in the SHIELD program enables these behaviors to become automatic habits that lack substantial drain on self-regulatory resources.
Qualitative findings-Qualitative interviews revealed explanatory factors relating to the observed differential durability of positive behavioral outcomes. Findings suggest the interventions' specific and memorable information was comparable in its retention by participants. However, the ability for sustained reinforcement of the momentum achieved varied based on the behaviors modeling, encouragement and norms. For eating behaviors, that reinforcement appeared to sustain change. To sustain less visible and less social behaviors, such as sleep and stress coping strategies, which occur outside of work and not shared by teammates, specific means such as environmental cues, self-monitoring and booster content may be needed for maintenance.
Conclusions
It is well established that work in law enforcement is associated with significant occupational health and safety risks that impact premature morbidity and early mortality. There is not a cost effective, evidence-based worksite wellness program for law enforcement personnel despite these elevated risks of premature cardiovascular disease, certain cancers, high mental and emotional stress, metabolic syndrome, diabetes, and musculoskeletal injuries. This randomized prospective trial assessed the efficacy and durability of a teambased worksite wellness program among law enforcement officers and support staff. The SHIELD program is a peer-led, scripted, team-based health promotion program delivered once per week for 30 minutes for 12 weeks. Health and safety questionnaires administered before and after the intervention found significant improvements for increased fruit and vegetable consumption, overall healthy eating, increased sleep quantity and sleep quality, reduced personal stress, and reductions in tobacco and alcohol use at 6 months post intervention. Long term significant improvements persisted for increased fruit and vegetable consumption and reductions in tobacco and alcohol use at 24 months after the intervention. Although many studies have demonstrated the health and safety hazards associated with work in law enforcement, this study shows that a health promotion program tailored to these risks and conducted at police and sheriff departments during the work shift could counter the adverse health effects associated with this occupation. 
